The main purpose of this study was to explore possible modeling approaches of timeto-good control of hypertension using Cox proportional hazard (Cox-PH) and frailty models, using data from Bahir-Dar Felege Hiwot Referral Hospital. Patients and methods: An institution-based retrospective cohort study was conducted in June 2014. The study population consisted of all hypertensive patients who had visited the hospital at least three times between January 1, 2009, to December 31, 2013. Five hundred patients were selected using simple random sampling. The data were collected by trained data collectors using a checklist. Statistical Package for the Social Sciences version 20 and R software were used for data entry and to process the data, respectively. First, a single covariate analysis was done using Cox-PH and univariate frailty models. Then, all variables that were significant were included in the multivariable analysis. Results: The median survival time of hypertensive patients to attain good control was 48 months, and the mean survival time was 43.6 months. Age and systolic blood pressure (SBP) of patients had a negative relationship with the outcome. However, fasting blood sugar (FBS) had a positive relationship with the outcome. Moreover, the results showed that the progression of outcome depended on the patient's age. Conclusion: Cox-PH-based analysis revealed that the factors that affected good control of hypertensive patients were age, SBP, FBS, and creatinine. The result of the univariate frailty analysis showed that there was unobserved heterogeneity between individuals in the study setup, which indicated that there were unmeasured covariates.
Introduction
According to the 1999 World Health Organization-International Society of Hypertension guidelines for the management of hypertension, hypertension is defined as a systolic blood pressure (SBP) of 140 mmHg or greater and/or a diastolic blood pressure of 90 mmHg or greater in subjects who are not taking antihypertensive medication. 1 Elevated blood pressure means that your heart needs to work harder than normal, putting both your heart and arteries under great strain. On average, people with uncontrolled hypertension are seven times more likely to have a stroke and six times more likely to develop congestive heart failure.
According to the World Health Organization, hypertension is the leading risk factor for mortality (12.7% of deaths attributable) followed by tobacco use (8.7%) and high blood glucose (5.8%). 5 The overall average prevalence of hypertension in the world was estimated as 35% (37% in males and 31% in females). 6 According to the health and health-related indicators in Ethiopia, hypertension was the seventh leading cause of death in the country in 2001. 7 A study on the prevalence of hypertension and age-related changes in blood pressure in seminomadic and urban Oromos showed a prevalence of 0.40% in the seminomadic and 3.15% in the urban population. 8 The seventh report of the Joint National Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure showed that a decrease of SBP in the population by 5 mmHg would result overall in a 14% reduction in mortality due to stroke, a 9% reduction in mortality because of coronary heart diseases, and a 7% decrease in all-cause mortality.
Hypertension is also controllable with interventions. Health care providers work with hypertensive individuals to control the condition and to prevent the deleterious side effects of uncontrolled hypertension.
Although health professionals try to control blood pressure levels, there are many questions that are still unanswered: what is the change over time or does the change of blood pressure levels have different patterns on different covariates and what are the factors that accelerate blood pressure?
In Ethiopia, to the best of our knowledge, there are virtually no studies that document time-to-event data on hypertension cases; however, there are studies that focus on predictors of hypertension incidence using cross-sectional study design.
The traditional Cox proportional hazard (Cox-PH) model has the potential to deal with aspects such as censoring and to investigate the effect of explanatory variables directly on the survival time. On the other hand, frailty modeling approach accounts for this problem by specifying independence among observed data items conditional on a set of unobserved or latent variables.
In this study, we use both the Cox-PH model and its extension individual frailty model to investigate the time-togood control hypertensive patients using different covariates.
Patients and methods
The institution-based retrospective cohort study was conducted from June 10, 2014, to June 19, 2014, in Bahir-Dar Felege Hiwot Referral Hospital located in Bahir-Dar town, Amhara region, North Western Ethiopia.
The source population were all hypertensive patients who were receiving treatment from Bahir-Dar Felege Hiwot Referral Hospital. The study population included all hypertensive patients aged ≥18 years and who had visited the hospital at least three times between January 1, 2009, and December 31, 2013, at the Bahir-Dar Felege Hiwot Referral Hospital. The patients with incomplete recording of baseline data were excluded from the study.
In this study, secondary data from the hospital registry was used to obtain the data. The calculated sample size for this study was 422 hypertensive patients, but we used all 500 hypertensive patients of source population who received treatment from Bahir-Dar Felege Hiwot Referral Hospital during January 1, 2009, to December 31, 2013. A data collection checklist was used for the data collection. Information was collected from registration forms, follow-up forms, and patient charts by three trained people and was supervised by the principal investigator. Patient sociodemographic data and blood pressure information were examined and carefully collected.
The response variable of the study was the survival time of the hypertensive patients, that is, the length of time from the start date of taking antihypertensive drugs until the date of good control of hypertension (or censor), measured in months. The independent variables of age, sex, residence, SBP, creatinine, blood urea nitrogen (BUN), and fasting blood sugar (FBS) were used for analyses.
For the purpose of data quality control, there were 2 days training for data collectors, data encoder, and data clerk personnel. Intensive supervision was done by the principal investigator. All the data were cleaned, double entered, and cross-checked for their completeness before analysis. Random samples of registration forms were reviewed by the principal investigator to conform reliability of data before data collection.
The completeness and consistency of the data were checked, coded, and double entered into Epi-Data 3.1. The data were exported to Statistical Package for the Social Sciences (SPSS) version 20 (IBM Corporation, Armonk, NY, USA) and R version 3.0.2 statistical softwares for further analysis.
The analysis and modeling were conducted in several steps. First, simple descriptive statistics such as a frequency distribution and percentages were performed to describe the characteristics of the study patients. Kaplan-Meier curve was used for the purpose of comparing the event-experiencing times of two or more groups.
At the second step, a bivariate Cox-PH model analysis was performed for each independent factor and outcome of interest to identify independent predictors. 
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Modeling time-to-good control of hypertension Upon the completion of the bivariate analysis, variables with a P-value <0.25 were selected for the multivariable analysis to control for confounding and interaction effect. Context and previous studies were also considered to make a variable candidate for multivariate analysis. Once the variables were identified, multivariable analysis was performed by enter method.
Finally, the importance of each variable included in the multicovariate model was verified by different model assessments both graphically and numerically. To decide whether or not a variable is significant, the P-value associated with each parameter was estimated using the P-value <0.05 as a cut off point. The crude and adjusted hazard ratios (HRs) together with their corresponding 95% confidence intervals were computed and interpreted accordingly. To ensure that the PH assumption is valid, the numerical and graphical methods of goodness-of-fit test method that contain P-value and Schoenfeld plot were used.
The letter of ethical clearance was obtained from the ethical committee of Jimma University College of Natural Sciences. A support letter was obtained from the BahirDar Felege Hiwot Referral Hospital Director to access the information from the patient records. The confidentiality and privacy of the information obtained from the patients' records were actively protected. All information were stored in locked cabinets and all staff trained in methods to protect confidentiality. All information from the patients records were assigned unique identification numbers. A backup copy of all information was kept in a locked file cabinet. As the study was retrospective, the ethical committee of Jimma University College of Natural Sciences and the Bahir-Dar Felege Hiwot Referral Hospital waived the requirement for patient consent based on the above confidentiality clauses.
Results

Descriptive statistics and nonparametric analysis
From a sample of 500 hypertensive patients, 205 (41%) patients had events (good control of hypertension) and 295 (59%) patients were censored observations. Among those sampled patients, 263 (52.6%) were female and 237 (47.4%) were male.
The mean and median follow-up time of the patients were 31.99 and 30 months, respectively, with a standard deviation of 14.195. The mean and the median age of the patients were 54.2 and 55 years, respectively. The average value of SBP was 169.8 mmHg and the median was 170 mmHg. The average FBS level of the patients was 129.57 mg/dL and the median was 114.5 mg/dL. The mean BUN level of the patients was 42.2 mg/dL and the median was 35 mg/dL. The mean creatinine value of the patients was 1.356 mg/dL and the median was 1.1 mg/dL. The minimum survival time was 9 months, and the maximum survival time was 60 months ( Table 1) .
From the 500 sampled cases, 263 patients had a follow-up time of ≤30 months and 237 patients had a follow-up time of >30 months; among these, 133 (50.6%) patients were male and 130 (49.4%) were female who had a ≤30 months follow-up time, and 130 (54.9%) males and 107 (45.1%) females had a >30 months follow-up time ( Table 2 ). The median survival time of hypertension patients to have good control was 48 months (4 years) (Ŝ (t=48) =0.5), and the mean survival time was 43.6 months (3.63 years).
Nonparametric analysis Kaplan-Meier survival curves
The Kaplan-Meier survival curves showed that the female group attained a good control of hypertension faster than the male group <40 months; and >40 months, the male group attained a good control of hypertension faster. In other words, <40 months, the proportion of subjects attaining good control of hypertension is greater for females than males. In the Kaplan-Meier curve of age, the curve of patients whose age >45 years lying above patients whose age ≤45 years indicates that the age group >45 years attained good control of hypertension faster than the age group of >45 years. In the Kaplan-Meier curve of SBP, the curve of patients whose SBP >165 mmHg is lying above the curve of patients whose SBP <165 mmHg, indicating that the patients whose SBP 
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Melese Sendek and Hussen Hebo >165 mmHg attained good control of hypertension faster than patients whose SBP <165 mmHg ( Figure 1 ).
Comparison of survival curves
Log-rank test for equality of survival functions
The survival curve results indicate that there is a significant difference between the age (≤45 years and >45 years), SBP (≤165 mmHg and>165 mmHg), FBS (≤185 mg/dL and >185 mg/dL), and creatinine (≤1.5 mg/dL and >1.5 mg/dL) groups. On the other hand, there is no significant difference between the survival curves for BUN (≤35 mg/dL and >35 mg/dL) relating to the patients and sex (male and female).
Factors associated with time-to-good control of hypertension
In the univariable analysis, the predictor variables of age, SBP, BUN, and creatinine are statistically significant at a 5% level of significance for good control of hypertension. 
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Modeling time-to-good control of hypertension Furthermore, using a modest level of significance of 25%, the variable FBS was included in the multivariable model for further investigation. However, the variable sex was not statistically significant at any level, and hence, not included in the multivariable analysis (Table 3) .
The predictor variable BUN was statistically significant at a 5% level of significance for good control of hypertension in the univariable analysis, but it was not statistically significant in the multivariable analysis (Table 3) .
By removing the variable BUN, a model containing the covariates age, SBP, FBS, and creatinine fitted and all the covariates, except for creatinine, were found to be statistically significant. This is the best model compared with the above and other multivariable models because it has a smaller Akaike Information Criterion (AIC) value (Table 4) .
The best Cox-PH multiple covariate model contained age, SBP, FBS, and creatinine. From these, the variables age and FBS were statistically significant at a 5% level, while SBP was statistically significant at all levels of significance (Table 5) .
Therefore, the fitted Cox-PH model for hypertension data set can be represented as follows:
l(t|X) = l 0 (t) * e -0.008161Age-0.036917SBP + 0.002905FBS+0.124872Creatinine
HR
The HR for the effect of SBP on patients adjusted for creatinine has the value of 0.964138. This value can be obtained by exponentiation of the coefficient −0.036520 of the SBP variable. The HR value can be interpreted to mean that the larger SBP group (>165 mmHg) has 0.964138 times the hazard as the smaller SBP group (≤165 mmHg) to attain good control of hypertension. With a 95% confidence interval, the hazard ranged from as low as 0.9526 and as high as 0.9759.
The hazard of good control of hypertension for the age group of >45 years is 0.987335 times less likely than the hazard for the age group of ≤45 years. With a 95% confidence interval, the hazard can range from as low as 0.9776 and as high as 0.9972. Abbreviations: FBS, fasting blood sugar; SBP, systolic blood pressure. Model diagnostic
Cox-Snell residuals
The Cox-Snell residuals plot showed that an estimate of the cumulative hazard lies along a straight line through the origin; this result confirmed that the PH assumption was fulfilled. Therefore, the overall model fits the data reasonably well (Figure 2 ).
Martingale residuals
The Martingale residual plot showed that this model was the best model to fit the collected hypertension data set due to the approximate straight line produced (Figure 3 ).
Schoenfeld residuals
The Schoenfeld residual plot showed an approximate straight line for the functional form of each covariate, which indicates that each variable has a linear functional form ( Figure 4 ).
Deviance residuals
The deviance residual plot showed a roughly symmetrically distributed around zero with no outlier observation ( Figure 5 ). Therefore, all four residual plots confirmed that the selected final model for the hypertension data set was a good fit.
PH assumption checking Tests and graphs based on the Schoenfeld residuals
In this study, the significant cox.zph test for creatinine (P=0.0226) did not fulfill the PH assumption ( Table 6 ).
The Schoenfeld residual plot showed that the variable creatinine did not fulfill the PH assumption because the plot is somewhat quadratic rather than in a straight line. However, the plots of the other three covariates included in the model showed a straight line, which indicates that these variables fulfill the PH assumption ( Figure 6 ).
The plot log [−log S(t)] versus time also showed that the plot of a variable creatinine cross each other; therefore, this variable did not fulfill the PH assumption, but the remaining three covariates fulfill the PH assumption ( Figure 7) .
Frailty model building
In the univariable frailty analysis, the predictor variables of age, SBP, BUN, and creatinine were statistically significant at 5% for good control of hypertension, such as univariable Cox-PH analysis. Furthermore, using a modest level of significance of 25%, the variable FBS was included in the multivariable model for further investigation. However, the variable sex was not included in the multivariable analysis (Table 7) . 
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Modeling time-to-good control of hypertension The predictor variable BUN was statistically significant in the univariable analysis based on frailty, but it was not statistically significant in the multivariable analysis. By removing BUN, the model that contained the covariates of age, SBP, FBS, and creatinine fitted and all the covariates were found to be statistically significant. This is the best model compared with the above and other multivariable models because it has a smaller AIC value ( Table 8) .
The frailty effect was observed for those variables that were statistically significant at 0.10 levels in univariate frailty analysis and indicates high frail, which means that there is unobserved heterogeneity between individuals (other important covariates have not been measured).
Discussion
In this study, the hypertension data set was analyzed using Cox-PH and univariate frailty models. After fitting the Cox-PH model, the goodness of fit was assessed through residual plots.
The median survival time of hypertension patients to attain good control was 48 months, and the mean survival time was 43.6 months. Patients who have a smaller SBP were more effective overall than patients having a larger SBP to attain a good control of hypertension.
The age group >45 years attained a good control of hypertension faster than the group aged ≤45 years and the SBP group >165 mmHg attained a good control of hypertension faster than SBP group ≤165 mmHg. Among the covariates, sex and BUN had no significant effect on the outcome variable, but the remaining five covariates had significant effects on the good control of hypertension. There was a significant difference between survival curves of age, SBP, FBS, BUN, and creatinine groups but no difference between the survival curves between male and female patients.
When checking the PH assumption, except the variable creatinine, all three covariates fulfilled the PH assumption. The model was stratified by creatinine in order to manage nonproportionality.
All three covariates included in the model had a statistically significant effect on the good control of hypertension. The P-value of likelihood ratio test with a 54.5 degrees of freedom indicated that rejecting the null hypothesis meant that there was unobserved heterogeneity between individuals of hypertensive patients. Modeling a frailty effect was not only a function of unobserved heterogeneity but also of observed covariates. Finally, the final fitted model showed that as age and SBP of patients increased, it took a short period of time to attain a good control of hypertension and vice versa. However, there was a positive relationship between FBS and the good control of hypertension.
Even though the study attempted to exhaust a wide variety of covariates, the study was observational based on the secondary data, and the results may be subject to confounding factors that were not measured or controlled for. Sociodemographic data might be subject to the inaccuracies and reporting biases inherent in self-reported data. However, it is believed that errors in the exposure measurement were nondifferential and that any bias would be toward the null.
Conclusion
This study revealed that from the start date of taking antihypertensive drugs, the follow-up time for hypertensive patients on average was approximately 32 months (2.67 years) with median survival follow-up time estimated to be 30 months (2.5 years). Hypertensive patients attained a good control of hypertension after an average of 43.6 months (3.63 years), with a median survival time of 48 months (4 years).
The Cox-PH analysis result showed that the major factors that affect the good control of hypertensive patients were age, SBP, and FBS. Among these, age and SBP had an inverse relationship with the outcome variable, but FBS had a direct relationship with the outcome variable (i.e., good control of hypertension).
According to the result of univariate frailty model analysis, there was unobserved heterogeneity between individuals 
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Modeling time-to-good control of hypertension (i.e., there was another unmeasured covariate that affected the good control of hypertension but this was not included in our study). Therefore, modeling the survival time of this disease helps to identify the factors that affect the success of the therapy, which helps to discover new treatment modality by considering the identified factors. Thus, further studies should be done in the area using these newly developed and flexible methodologies by including additional covariates (social, economic, behavioral, nutritional, environmental, and the like) that may affect good control of hypertension. Abbreviations: SE, standard error; DF, degree of freedom. 
